The purpose of this trial was to determine the efficacy of a Nurse Controlled Analgesia (NCA) protocol in reducing the time taken to achieve a satisfactory postoperative pain score. The safety aspects of the NCA protocol were also evaluated.
INTRODUCTION
An audit performed in 2005 in Singapore General Hospital revealed that the main reason for delayed discharge from the Post Anaesthetic Care Unit (PACU) was inadequate pain relief. The PACU sees daily admission rates of 100 patients with 19 PACU beds servicing 21 operating theatres. Only 1 anaesthetic medical officer attends to a patient at any one time. It was suggested that adopting a Nurse Controlled Analgesia (NCA) protocol could provide prompt delivery of analgesic drugs by virtue of the lower patient-nursing ratio. According to international guidelines, patients are monitored on a 1:1 ratio before consciousness and 1:3 when awake.
Nurse controlled analgesia in the PACU is common practice worldwide although few studies have validated its efficacy or safety. Particularly in our local context, intravenous morphine is seldom administered by nurses with the mode of analgesia being intramuscular injections for its perceived safety. It was hoped that this study could show that nurses could administer intravenous analgesia safely and effectively in the PACU setting thereby improving patients' postoperative pain in a safe and timely manner.
METhOD
This study was undertaken in the major operating theatre of a large tertiary acute care hospital with Proceedings of Singapore Healthcare  Volume 20  Number 2  2011 over 100 patients undergoing both elective and emergency surgeries daily.
After Institutional Review Board approval, patients were invited to participate if they fulfilled the following inclusion criteria: age 16-65 years, ASA I & II, scheduled to undergo elective general surgery and orthopaedic procedures under general anaesthesia.
Exclusion criteria included: BMI > 30, renal failure, regional anaesthesia, difficult airway and patients with chronic pain.
Informed consent was taken prior to induction of general anaesthesia. Patients were also taught how to use the Numerical Rating Scale (NRS). "0" = no pain and "10" = the worst pain ever experienced.
Patients' characteristics were documented as were dosage of intraoperative opioids and whether skin infiltration with local anaesthetic was given.
Upon arrival at PACU, if the first reported pain score was 4/10 or greater, they were included in the study.
These patients were subsequently randomised via sealed opaque envelopes to 2 groups: the intervention group (NCA protocol) or the control group (Doctor Administered analgesia group, DRA). To achieve allocation and concealment, only the PACU nurse in charge was allowed to open the sealed envelope. Otherwise nurses, doctors and outcome assessors were not blinded.
Only registered nurses that had completed formal specialised training were allowed to participate in the study. Based on the protocol, intravenous morphine 1-2mg boluses were given at 5-15 minute intervals up to 3 doses. After which a doctor review was required before reordering a second round of NCA (see NCA protocol in Appendix 1)
The doctor in PACU was allowed to administer analgesia to his or her own discretion.
Primary outcome was time to achieve a NRS of less than 4/10, or when patient refused any more analgesia. Secondary outcomes were: time taken to obtain first dose of analgesia, adverse effects such as respiratory depression requiring naloxone and side effects such as pruritis, urinary retention, nausea and vomiting.
To calculate the optimum sample size for this study, we relied on the results obtained from our previous PACU audit that showed that the average time for PACU stay was 50 minutes with standard deviation as 40 minutes. This study was designed to have the power to detect a 50% reduction in time to achieve satisfactory pain score, therefore we were looking for a difference between groups of 25 minutes. Therefore, to obtain 90% power and 5% significance, 60 patients per group was required.
Analyses were performed using standard software SPSS. Parametric data was analysed using T-Test. The possible confounding factors, such as total morphine given, age, gender, weight and BMI were explored using linear regression.
REsUlTs
One hundred and twenty patients participated in this study. Sixty patients were in the DRA group and 60 patients were in the NCA group. Baseline demographics were similar in both groups ( Table 1 ). Mean operation time and intraoperative morphine dose was similar in both groups (107 minutes and 8-9 mg respectively)
Patients took between 14-18 minutes to verbalise their pain (Table 2) . This was not different between groups. It took 9.5 minutes for patients in the DRA group to receive their first dose of analgesia whereas the NCA group took 6.7 minutes. This was statistically significant (p= 0.037).
The time taken to achieve NRS score of less than 4 after the first dose of morphine was given was 41.3 and 49.8 minutes in the DRA and NCA group respectively. The difference of 8.5 minutes was not significant (p= 0.125). Total dose of morphine given was similar in both groups (5-6 mg).
In the NCA group, morphine was given 3 times compared to twice in the DRA group (p=0.001). More patients in the DRA group received oral analgesics than the NCA group (10 versus 5 patients).
Among the 120 patients, none had respiratory depression, pruritis, nausea and vomiting or retention of urine.
DIsCUssION
In many hospitals worldwide, the issue of pain in the Post Anaesthesia Care Unit is addressed by nurses who administer opioids according to a protocol. However there is limited literature describing the efficacy and safety of this practice. In our hospital, the responsibility of delivering analgesia in the PACU falls to a designated doctor. At any one time, one medical officer potentially deals with 19 patients in the PACU, hence prompt analgesia may not be provided to all patients. Moreover, as there is a 6 monthly rotation of medical officers to the PACU, treatment of postoperative pain may vary with each new cohort of doctors, thus making the quality of analgesia that the patients receive highly variable. To provide more consistent delivery of analgesia in the PACU, this study was undertaken to see if nurses could fulfill this role.
Intravenous administration of morphine is regarded as the gold standard for acute pain relief because it is rapidly transported to target tissues and provides long lasting analgesic effect without plateau 1 . As such, it was the main drug used in both groups to gain optimal pain relief.
This study showed that nurses were quicker in providing analgesia for patients in the PACU when compared to administration of analgesia by doctors. The difference of 3 minutes was statistically significant (6.7 minutes versus 9.5 minutes). Although this may not seem clinically significant, providing analgesia at the earliest possible time avoids the negative physiological effects of pain and emotional stress on the patient 2,3 .
It was significant that nurses had to attend to patients 3 times to administer the intravenous morphine whereas doctors on average attended to patients twice. The protocol of 1-2mg morphine bolus used by the nurses was on the conservative side. The bolus dose of morphine in the literature No of times morphine given 2 (1) 3 (2) <0.001
No of patients who received oral analgesics 10 5
Proceedings of Singapore Healthcare  Volume 20  Number 2  2011 varies from 2-3 mg depending on body weight 1, 4 . This may explain why it took longer for patients to have a pain score <4/10 in the nurse administered group, although this was not statistically significant. Additionally, given that the relationship between morphine requirement and pain score is not linear but sigmoidal, 5 larger initial boluses should reduce pain scores faster. By titrating morphine with a larger dose, the number of times a nurse would have to give morphine to the patient would be reduced. Despite this, the time taken for pain scores to be <4/10 or less was not statistically different.
Oral analgesics such as paracetamol and NSAIDS were prescribed more often by doctors than nurses (10 patients vs 5 patients). The benefits of multimodal analgesia are well reported 6 and it is surprising that less than 17% of patients (10 out of 60 patients in the DRA group) were given this. Morphine sparing effects of multimodal analgesia should reduce the total amount of morphine given, however in both groups the total dose of morphine given was similar. There are several reasons for this. First, the study was not powered to detect this effect. Second, not all patients were suitable for oral analgesia (e.g. upper GI surgery, allergy, postoperative nausea and vomiting.)
Reassuringly, no patients in either group suffered from any morphine related complications. Limitations of this study include that it was not blinded and it was confined to general surgical and orthopaedic patients. Also, those who were at high risk of developing serious complications from morphine administration were excluded from this study.
Acute pain in the postoperative period is common and poorly treated. Thirty to eighty per cent of patients complain about moderate to severe post surgical pain 7 . As a contributing factor to quality postoperative care, prompt and effective pain control is highly ranked 8 .
Wheatley et al 9 have suggested that more effective pain management will result from appropriate education and established organisational framework for the delivery of pain relief rather than the analgesic techniques themselves. Having a protocol based method of delivering analgesia achieves this.
In conclusion, we have shown that Nurse Controlled Analgesia in the PACU allows ASA I and II patients to receive their first dose of morphine faster and without any complications.
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